The name Rickettsia honei, strain RW, has been proposed for a unique spotted fever group (SFG) agent which is pathogenic for humans. This agent has previously been compared to the other SFG agents and was shown to be distinct in protein structure by SDS-PAGE and by immunoblotting. Genetic comparisons of the 16s rRNA, rompA, gkA and the 17 kDa antigen genes with the other SFG rickettsiae confirmed the phylogenetic distance between R. honei and the previously described species. Genetically, Rickettsia honei is more closely related to the Thai tick typhus (TT-118) rickettsia than to any other member of the SFG. Indeed, it is proposed that TT-I18 is a strain of R. honei which was previously isolated in Thailand. These results elucidate the presence of a unique SFG rickettsial species in Australasia.
INTRODUCTION
The human disease, Queensland tick typhus (QTT), which is tick transmitted and is caused by Rickettsia australis, was believed to be limited to the Australian states of Queensland and New South Wales. However, recent reports have described spotted fever group (SFG) rickettsial infections occurring in the southeastern region of Victoria (6), Flinders Island (28) and Tasmania (5). An SFG rickettsiosis-like ailment was identified on Flinders Island in 1991 by the local medical practitioner, Dr Robert Stewart, who suspected the clinical symptoms of the patients to be rickettsial in origin (28). Signs and symptoms of the disease included fever, headache, myalgia, slight cough and a maculopapular rash. Serological analysis, including the Weil-Felix agglutination and rickettsial-specific immunofluorescence (IF) tests, suggested that the causative agent was a member of the SFG (10). Blood was collected from patients presenting with Flinders Island spotted fever (FISF) prior to antibiotic therapy. Concentrated buffy coat from the blood was inoculated onto Vero cell monolayers, which were subsequently centrifuged (26). Weekly cell culture scrapings of the monolayer were examined by IF, and on the fourth week a microbe of typical rickettsial morphology was observed (1 1). There was no apparent cytopathic effect in the primary isolation. On subsequent passages, cytopathic effect was observed and was characterized by scattered irregularly shaped lesions with cells detaching from the monolayer (1). Electron microscopy revealed a Gramnegative bacillary bacterium measuring 0.4 pm in diameter and 1.0 pm in length, and having a lowdensity cytosol and encompassed by a multilayered outer membrane which was loosely adherent to the inner membrane (1). At the genetic level, the 17 kDa antigen and the 16s rRNA genes of Rickettsia honei have been sequenced and compared with other members of the SFG. The analysis revealed a unique set of sequences for this agent, grouping it with Rickettsia rickettsii and Rickettsia slovaca (2). Subsequently, there have been several more sequence additions to the 17 kDa antigen and 16s rRNA gene database, and hence the phylogenetic position of R . honei needs to be re-evaluated. We further characterize the genetic position of the FISF agent by citrate synthase (gZtA) and rickettsial outer-membrane protein A (rompA) gene sequence analyses. These two genes have been sequenced for most of the other members of the SFG rickettsiae and were shown to be useful tools to study the phylogenetic organization of these obligately intracellular bacteria (9, 23). On the basis of our results together with the previous publications on the geographic isolation, _ _ _ _ _~ 00763 0 1998 IUMS genetic sequencing, phenotypic and protein analysis of this agent, we formally propose the name Rickettsia honei, the type strain of which is RBT.
METHODS
Cell culture. R. honei was seeded into confluent Vero cell monolayers in RPMI 1640 medium as described previously (11). The infected cell culture was harvested, and the rickettsiae purified using renografin density-gradient centrifugation (27). Rickettsia1 chromosomal DNA extraction. Purified R. honei were incubated with 1 mg proteinase K mi-' and 1 % SDS at 56 "C for 1 h. This digestion was followed by two phenol/ chloroform (50 : 50) extractions and ethanol precipitation. The resultant DNA pellet was washed with 70% ethanol. air-dried and reconstituted with nuclease-free water. PCR amplification of the R. honei gltA and rornpA. Oligonucleotides were designed from the sequence of the R. rickettsii g f t A gene with the exception of RpCS 1258, which has been described previously (Table 1) Rickettsia honei sp. nov.
cation was performed on a thermal cycler (Perkin Elmer Cetus) uith 35 cycles of denaturation at 95 "C, annealing at 48 "C and extension at 70 "C for 1 min intervals. The resultant PCR product was purified from unincorporated primers and nucleotides using the QIAquick PCR purification kit (Qiagen). Amplification of ronzpA was performed as described previously (9). DNA sequencing of PCR products. The purified gltA and rovzpA PCK products were sequenced using the ABI PRISM 377 Sequeiicer (Perkin Elmer) and ALF DNA sequencer (Pharmacia L K B), respectively . DNA analysis. The gene sequences of the 16s rRNA, 17 kDa, gltA and rompA for the rickettsial species were extracted from GenBank ( Table 2 ). The homologous rickettsial gene segments were aligned with those of other rickettsial sequences using the multisequence alignment program CLUSTAL. Phylogenetic relationships were inferred using the PHYLIP version 3.4 software package (J. Felsenstein, University of Washington, Seattle, USA). Evolutionary distance matrices. generated by DNADIST, were determined by the methods of Kimura (16) . These matrices were used to infer dendrograms using the neighbour-joining method (24). The data were also examined using the parsimony analysis (DNAPARS). The stability of predicted branching orders was assessed b j generation of a consensus tree from 100 trees derived from bootstrap samples of the original alignment using SEQHOOT and CONSENSE in the same package.
RESULTS A N D DISCUSSION

Genetic analysis
Phylogenetic trees derived from distance matrix analysis generated from 16s rRNA, Table 2 . 1, 2, 3 and 4, respectively. The general organization of the four dendrograms was the same within the trees derived from parsimony analysis as that found in evolutionary distance matrix analysis. However, branching order for each gene was slightly different especially when bootstrap values were low. In all four phylodendrograms, R . honei and the Thai tick typhus rickettsia (TT-1 18) are grouped together in a unique branch which is closely associated to the core SFG branch but far from R . australis. In fact these two agents had identical gene sequences except for the 16s rDNA gene where they differed by 1 nucleotide. Trees generated using the 17 kDa antigen gene by parsimony and distance matrix analysis revealed low bootstrap values. This situation indicated that this particular gene is not a suitable tool for phylogenetic analysis. However, this phylogenetic tree, like the others, does display a similar relationship between R. honei and the other SFG members. As previously determined, ronzpA sequence comparison is the best tool to infer phylogenetic relationships among the SFG rickettsiae which diverged late from the common ancestor of this group of bacteria (9). Our data support this opinion since the bootstrap values are the greatest for this phylogenetic tree, in most cases equalling 100. The plethora of rickettsial genetic information currently available in GenBank, including 16s rRNA, 17 kDa, gltA and rompA genes, has helped with the speciation of several human and tick rickettsial isolates including Rickettsia rnassiliae and Rickettsia creschlimannii ( 3 , 4).
Justification of a new species
Traditionally, microimmunofluorescence using a particular protocol for developing mouse antisera against the SFG rickettsiae has been the reference method for defining the relationships between taxa of the SFG rickettsiae (18, 29) . However other assay systems SDS-PAGE and immunoblot analysis of R. nustrulis including SDS-PAGE, immunoblotting and gene seand R. honei protein lysates revealed differences in quencing are more objective methods that can be protein profiles and structure. There were distinct utilized to determine the phylogenetic identity of a differences between these rickettsiae in terms of protein particular agent (1 9).
electrophoretic mobility and antigenicity. Further Rickettsia honei sp. nov.
analysis with species-specific monoclonal antibodies derived from other members of the SFG showed no reactiviti with R . honei (27). Although the 16s rRNA gene has been used for the speciation of bacterial isolates, it has been proposed that sequence homologies greater than 97 % should rely on DNA-DNA reassociation for taxonomic classification (25). The SFG rickettsiae share more than 97-8 YO homology in the 16s rRNA gene, and with the exceptions of Rickettsia akari and R . australis DNA-DYA homology analysis groups the rest of the spotted fever group members into a single species (22, 30) . However, it has been proposed that the evolutionary selective pressures of the rickettsiae may differ froin the enterobacteria due to the differences in genome size and strict intracellular growth and thus the criteria for classification should be different (1 5).
Based on the calibration of rRNA gene evolution by Ochman & Wilson (1 7), the divergence of R . honei and R. austrdis occurred 65 million years ago whereas the divergence of R. honei and TT-118 has occurred recently. It seems plausible that the divergence of the common ancestors of R. australis and R . honei can be explained by continental drift. The close relationship of R. honoi and TT-1 18 suggests that they are strains of the same species. Although the vector ecology of R . honei and TT-118 is not clearly defined and both strains are found in Australasia, they may have been introduccd to one site or the other by migratory birds. For example, the Curlew sandpiper (Calidris jerruginea), Sa nderling (Calidris alba) and black-bellied plover ( t'luvialis squatarola) migrate south from the Arctic tundras through Asia to coastal regions of Australia (7). The arthropod that harbours R . honei has not been identified, but a reptile-associated tick namely, Aponoma hydrosauri, has been suspected based on temporal association of bite with onset of illness in a patient (1 1). TT-118 was isolated from a mixed pool thought to represent larval Ixodes sp. and Rhipicc~plrnlus sp. (2 1). This situation would suggest that the rickettsia1 species may have been introduced by a rickcttsemic bird or a tick carried upon a bird. We propose that R. honei (strain RBT) be designated as the reference strain since it is an isolate from a patient who displayed the clinical symptoms of SFG rickettsial disease ( 1 1). The likeness of these two strains will be investigated further by microimmunofluorescence and monoclonal antibody typing. Recent publications have shown the distinctiveness of R. honoi, both at the protein and genetic levels (1, 2, 27). We have pooled the previously available genetic information together with the gltA and rompA sequences to show this agent's relationship to the other SFG members. Characteristically the SFG members are all genetically closely related to one another, but have been assigned species names due do their geographic isolation and diverse arthropod host life cycles. Both rickettsial gltA and rompA genes have been proposed as phylogenetic tools for determining the relationships among the rickettsiae (8, 23 (8, (12) (13) (14) ]. This agent is an obligately intracellular bacterium which can be grown at 32 "C in Vero cells with RPMI 1640 supplemented with 10 % foetal calf serum and 2 mM L-glutamine (1 1). Its morphology is characteristically rickettsial in nature as determined by electron microscopy (1). SDS-PAGE, immunoblotting and species-specific monoclonal antibody analyses demonstrated the uniqueness of R . honei (27). We have further characterized this agent by sequence analysis and have shown that R . honei is truly a new member of the SFG. The type strain of R. honei is strain RBT, isolated from a person with the clinical manifestations of Flinders Island spotted fever. This strain has been deposited in the American Type Culture Collection as ATCC VR-1472T.
